Background Design fictions (DFs) are emerging as a tool aimed at engaging people in debating and questioning the direction of future technologies, services and possible societies. Following the challenges placed on healthcare provision by an ageing population, governments are introducing policies related to ageing that will shape future healthcare services. The exploratory ProtoPolicy project, investigated how co-created DFs might be used to help older citizens imagine the future implications of policy initiatives through the lens of technology in an ageing society.
Introduction
We live in an ageing world. The United Nations estimate that 1.4 billion people will be over 60 years old by 2030 (United Nations, 2015). In the UK there are currently 11.4 million people over 65 and by 2040, 24.2% will be aged over 65 (AgeUK, 2016) . In response to this the UK government has developed a number of policies on ageing [Older People (Gov.uk, 2016a ), Health and Care Integration (Gov.uk, 2016b) , Housing for older people (Gov.uk, 2016c) ].
Within this context, ProtoPolicy was set as an exploratory pilot research project that ran from June to September 2015, to explore how co-created design fictions (DF) might be used to help older citizens imagine the future implications of policy initiatives in creative ways. Shelley's Frankenstein; or, The Modern Prometheus an early proto-science fiction novel inf luenced organ transplantation (Wohlmann et al., 2016) , while 3D printed prosthetic technoscience (Smith, 2016) central to the Iron Man sci-fi series has had a bearing on the development of robotic arm prostheses.
Science fictions and design fictions in healthcare
The value of science fiction in design has also been recognised in the rise of a new method for design practice, research and designing technology, called design fiction (Knutz et al., 2014; Bleecker, 2009 ). Design fiction draws on both science fiction's ability to depict imagined design objects within a diegesis and its critical potential in exposing the use of technologies within possible worlds as chosen social constructions. For instance, the ageing society depicted in Robot and Frank (2012) on one hand foretells researchers' experimentation with robotics and artificial intelligence as a potential future caregiver of older people; and on the other hand it depicts some of the socio-ethical questions such a technology service can lead to. In a similar fashion Design fictions -like short films, prototypes and graphic novelsare often provocative and engage people, encouraging them to envision, explain and raise questions about the direction of future technology and possible worlds.
2. Speculative design and design fictions in design research
ProtoPolicy considers DF a form of speculative design. According to the taxonomy proposed by Hales, speculative design is an approach enabling us to think about the future prospectively and critically (Hales, 2013) . One of its principal assumptions is the negation of the status quo and the initiation of discussion of possible future scenarios through a confrontation with a tangible object or process, the so-called design fiction. rather the constraints of our current understanding and ability. Between the narrowest and the widest cones sits another that depicts a space of plausible futures, those that we may open through scientific discovery, or new social practice. Perhaps inevitably, given design's industrial provenance, most design practice happens in the bounds of the narrowest probable cone. Overlapping a part of both plausible and probable futures, Dunne and Raby (2013) delineate an area (darkest colour) that may offer preferred futures, in doing so they narrow Voros' understanding which considered the preferable to operate across the entire range of futures and position the preferable as being in tension with that which the probable may offer. In articulating desirability subjective, contested, views are to be expected, as such views are 'emotional' and built on 'value judgments' (Voros, 2001) . The model has received criticism regarding to whom preferable futures refers to (Tonkinwise, 2014) . In relation to this, speculative design and design fictions are not just about preferential futures. Other ways of interacting with the public through design fictions could be employed to identify new areas of development, or identify unwanted or negative consequences. It is within this context that the work presented in this paper explores the use of co-designed design fictions and their presentations as preferential futures. Speculative design uses design thinking tools and methodologies such as scenarios, brainstorming and rapid prototyping along with techniques borrowed from art, literature, film, psychology, philosophy, anthropology and ecology to create DFs -provocations or 'narrative elements to envision and explain possible futures for design' (Tanenbaum et al., 2012) .
Design Fictions are therefore a type of speculative design (Dunne and Raby, 2013) . A number of definitions exist for design fiction (Bleecker, 2009; Markussen and Knutz, 2013) . For Hales, 'design fictions create a discursive space within which new forms of cultural artefact (futures) might emerge' (Hales, 2013) . Similarly, Sterling suggests that design fiction 'is a contemporary form of forward-thinking intervention that has been enabled by the current networked media environment' (Sterling, 2009 ). According to Bleecker (2009) Design fiction is about creative provocation, raising questions, innovation, and exploration.
We can therefore assert that DF serves both to give account and intervene. Kirby (2009) focuses on the mutual benefit created in science consultants' relationship with science fiction filmmakers and uses the term diegetic prototypes 'to account for the ways in which cinematic depictions of future technologies demonstrate to large public audiences a technology's need, viability and benevolence'. DF adopts the strategy for design practice; it uses a fictional paradigm to permit the making of technological shifts within a possible world and then presents that possibility as artefact, image or audio to stimulate debate about potential futures and current directions. speculations related to the ageing in place agenda. All speculations, concepts and ideas that emerged from the two co-design workshops were documented via audio recording, photography and short video presentations capturing participant ideas. This process led to the development of several co-designed speculations defined and prioritised by the workshop participants. This was a crucial step in the process as it specified what where the key for the elderly citizens concepts and speculations that the design team should take forward. 
3. The crafting of the design fictions
The workshop insights and co-designed speculations were translated into DFs. This was achieved by analysing and coding the captured data and working with Design Friction, a project partner, to develop a series of design concepts for the DFs. This included three main stages. Firstly, crafting the provocations, by thematically sorting the participants' insights and giving consideration to the areas of contention that might be exposed in debate on an imagined future. Secondly, attention was then paid to combining current technological, social and economic trends with insights from workshops. In particular, existing concepts were taken and unusual matches and crossovers that might feel familiar and plausible to an audience were explored. Embodying speculations in everyday artefacts (e.g. user manual, newspaper article, flyers, etc.) was the final step in the making of the DFs. This was critical in order to find formats that would be familiar, easily understood by non-experts whilst being provocative; and at the same time simple to prototype, low-cost and quick to produce, and also easy to disseminate. Defining details in the speculative prototypes with points of equivalence to our existing world was important in assuring that the objects did not appear to be too distanced from our society.
Finally, the process went on to ensure that the artefacts could articulate themselves independently, whilst offering a more rounded encapsulation of views within the debate when brought together. Each speculative object was created with carefully designed details (such as the disclaimer and legal agreement found in the Soulaje manual and the Smart Object Therapist job description) which aimed to provide the target audience with clues as to the speculative society which made it manifest. The artefacts were designed to stimulate conversation to make statements as to their intent, but to leave many questions unanswered so audiences could grapple with the speculations embedded in them. Although the design fictions were not crafted by the workshop participants per se, the approach adopted ensured that the DFs developed were a true reflection of the speculations and concpets defined by codesigners at the workshops. This meant that an iterative design process was employed, where the crafted DFs were constantly measured and refined against the speculation characteristics defined by workshop participants. Figure 2 The SOULAJE Prototype
4. The two design fictions
The Soulaje DF 4 , a self-administered euthanasia wearable was designed as a response to the workshop co-designers expressed desire for self-control in their lives in relation to living and dying with dignity. It was conceived as an indirect response to participant perception and the feeling that the ageing in place policy removed control from older people and viewed them as a burden on society. Soulaje aimed to further open the debate around the societal, ethical and legal aspects of technology-enabled assisted dying. The Soulaje DF comprised two documents, namely a quick start guide for the Soulaje and an anti-euthanasia campaign flyer, a prototype of the euthanasia wearable and a short video clip advert of the Soulaje 'product'.
Set after the year 2021 the Soulaje DF provides a medical product for self-administered euthanasia. According to the DF the Soulaje product is developed and distributed by a third party business, which has been sub-contracted by a central healthcare service, and is available to people over a specific age in consultation with a GP. A number of safeguards are built into the wearable to avoid misuse, as described in the quick start guide. Worn on the wrist, like a watch, the Soulaje device comprised a capsule containing a lethal drug and a drug delivery mechanism controlled by a touchscreen interface (see Figure 2 ).
The Smart Object Therapist (SOT) DF 5 comprised of three documents, specifically a SOT job application, the SOT intervention report and prescription, and a short video interview between the SOT and a smart object home user. Set in the year 2020 the SOT interview DF sets the speculative scene by presenting the skills a SOT is expected to have in the envisaged integrated health and social care service model, where older people age at home supported by an array of smart appliances. The job of a SOT is not limited to fixing technical faults it is 
5. Analysis
Following their development the DFs and the concepts they encompassed were explored further, with feedback sought from citizens at a co-design workshop in Lancaster in September 2015. Whereas the co-design workshop was run with the same group that cocreated the DFs and focused on a discussion of the DFs, their underpinning speculations and the ethical, societal and legal challenges and issues that they presented. The discussions that took place were audio recorded and the activity documented via photography. Thematic analysis was employed for data analysis (Graham, 2007) , where all data collected are involved in a process of identifying themes throughout coding, indexing, and then categorizing towards drawing common themes.
Results
Five main themes emerged from analysis of the workshop engagement with citizens where the co-designed DFs were employed as a tool to open a discursive space. Namely plausibility and acceptance, ethical concerns and questions, conceptualising new healthcare producs and services understanding and decision making, and requirements capture.These are presented in more detail below.
1. Plausibility and acceptance of future heathcare technologies/services
The potential and value of the DFs in increasing the plausibility and acceptance of future healthcare technologies and services was one of the main themes that emerged. Several participants used science fiction movie references to help them in accepting that the DFs were plausible and may potentially occur. Personal experience and awareness of existing healthcare technology, especially when it has occurred within a community of friends, enabled some participants to make connections with the presented DFs (the Soulaje DF in this case) and interrogate their likelihood.
'Jane reversed her type I diabetes and she has one of these wrist things which tells her exactly how much she's walked every day and it also monitors her sleeping patterns, so she can see that now by doing more exercise she is sleeping a lot better. So we are already starting on some of these'…'Amazing you can get that NOW! So you can have your health monitored at
Furthermore, being able to associate the DFs to existing and emerging societal challenges (in the case of the SOT DF) as well as the increasing complexity of smart home devices assisted in increasing the degree of acceptance of the DFs. In addition to the above, the impact of current affairs plays an important role on the acceptance of the DF theme into the sphere of believability, and potentially desirability, for specific sections of our society. In particular, the theme of assisted dying has been discussed in the UK parliament and has featured in the media leading one participant to reflect on the probability of the DF's topic. They recognised that though the DF may seem an unlikely science fiction, it represented a broader shift toward pro-euthanasia positions that address the difficult societal and legal challenge faced by some members of UK society.
'…it all seems like complete science-fiction but there is such of lobby now for people who are facing the end of very painful end of lives' 'they've taken it into the House [of Commons] again that was in the paper this last week as well because there [sic] said people shouldn't have to go abroad for this and they want to see changes in the law'. [Q1.4]
2. Ethical concerns and questions
The ability of DFs to facilitate and encourage the drawing out of ethical concerns raising questions regarding the societal and ethical issues of current and future healthcare services and technologies was another theme that emerged. Following their initial reactions the workshop participants discussed the DF concept in detail unpicking how it would work as a future service and more critically giving consideration to the ethical and legal challenges that would be faced.
More precisely the presentation and interaction with the DFs prompted participants, on one hand, to identify a number of unwanted and negative consequences of the services and concepts behind the proposed DFs. These related to issues around capacity, control, confidentiality and privacy in relation to the Soulaje DF and the topic of euthanasia, and lack Ethical questions were raised with regards to who would administer a euthanasia service and the societal impact it would have in terms of the economy. A concern was raised with regard to the financial savings an assisted dying service might make and how that might spur its wider adoption. This argument was strengthened by the mention of a related healthcare service (resuscitation opt-out service) reported in the news. In the case of the Soulaje DF, the proposed area for development focused on pain relief. 
Discussion
There are several important questions that arise from the findings, which are discussed in this section. These relate to:
• How have people criticised the DF?
• What are the insights that came from that critique?
• How the use of the design fictions produces different results from having a debate about euthanasia or smart homes?
• What are the design principles underpinning future social healthcare technologies?
• How are they currently articulated? 
Conclusion
Design fiction and speculative design are emerging, and being considered, as a relevant Lastly, we recognise that this article has provided grounding for the investigation of co- designing design fictions as potential approach for debating and priming future healthcare technologies and services, and that the area merits further research explorations.
